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53 5], and decline in the quality of life [6] in the elderly. Furthermore, since anemia has a close 54 relationship with many illnesses, it is recommended that when hemoglobin level is lower than the 55 normal, it should always be followed-up clinically [5] . Hence, the prevalence of anemia can then 56 be reduced by appropriate treatment or by preventing the underlying illnesses that are related to 57 aging [7] .
58
Muscle weakness is related to poor physical activity and incident mobility limitations in the 59 elderly [3, 6, [8] [9] [10] [11] . Handgrip strength, a simple, cost-effective tool used to measure strength, is 60 utilized in the diagnosis of muscle weakness in epidemiological studies [10] . Handgrip strength is 61 also a non-invasive and cheap tool that can help in identifying those with a higher likelihood of 62 anemia, and can be used as a tool to identify anemia in the community [12] . Some research has 63 reported that handgrip strength in middle-age (45-65 years) is related to functional limitations 64 and disabilities at least 25 years later [3, 11, 13] . Therefore, handgrip strength has been considered a factor predicting healthy aging [11] . Handgrip strength is also related to the 66 strength of other muscle groups, and therefore can be a good index to represent overall strength 67 [14] . Therefore, low handgrip strength signifies low muscle mass and poor clinical mobility [15] .
68
Oxidative stress is one of the most important mechanism to explain the occurrence of age-69 related illnesses [16] including the decline in strength [17] . Result 186 Table 1 shows the general characteristics of the subjects. Patients with anemia were 7.7% 187 overall. Majority of subjects (51.2%) were female, of which, 11.9% had anemia. In males only 3.2% had anemia. Overall, 6.7% of subjects and 15.8% were in the strong and weak handgrip strength groups, respectively (p<0.0001). The mean age of subjects with anemia was higher (50.27 years) 190 than for those in the group without anemia (46.14 years) (p<0.0001). By marital status, those in 191 the married-not cohabiting, bereaved, or divorced group had a higher percentage (11.6%) of 192 anemia than those in the married-cohabiting (8.1%) and the unmarried (4.7%) groups (p<0.0001).
193
The prevalence rates of anemia in the unemployed and employed groups were 10% and 6.3%, 194 respectively (p<0.0001).
195
By individual lifestyle habit factors, by the level of daily workout, in the light (1 day) daily 196 workout group 615,680 (8.5%) subjects had anemia, and had higher prevalence of anemia than 197 those in the moderate (5.7%) and heavy/extreme (4.9%) daily workout groups, (p<0.0001). The 198 prevalence rate of anemia in the underweight group (11.4%) was higher than that in the normal 199 weight or overweight groups (8.6% and 5.5%, respectively) (p<0.0001).
200
For the nutritional and disease-related factors, the prevalence rate of anemia in the group with 201 comorbid diseases was 2.5% higher than in the group without (p<0.0001). For iron intake, the 202 prevalence rate of anemia was 3.5% greater in the insufficient group compared to the sufficient 203 group (p<0.0001). For vitamin A intake, the prevalence rates of anemia was also higher (8.1%) for 204 the insufficient group than for the sufficient group (6.5%) (p=0.001). However, no difference 205 between groups was found in vitamin C intake per day (p=0.505). the prevalence rate of anemia in the unemployed and employed groups, respectively. For alcohol 234 consumption, the prevalence rate of anemia was lower for those who consume alcohol and 235 especially those with a higher frequency of alcohol consumption, regardless of age (p<0.0001).
206

236
For the level of daily workout, the prevalence rate of anemia was higher in the light group 237 compared to the moderate or heavy/extreme group for all subjects regardless of age (p<0.0001).
238
Also for BMI, the prevalence rate of anemia in the underweight group (<65 years, 10.1%; ≥65 239 years, 23.2%) was far higher than the prevalence rate among the normal weight or overweight 240 groups (p<0.0001), regardless of age. Furthermore, for iron intake, the prevalence rate of anemia 241 in the insufficient group (<65 years 9.7%; ≥65 years 15.7%), was higher than the prevalence rate compared to the normal weight, and the odds of anemia was also higher in persons with 257 comorbid diseases compared to persons without comorbid diseases at 1.12. Also, the prevalence 258 of anemia was higher for persons with insufficient iron, vitamin A, and vitamin C intake per day 259 compared to persons with sufficient intakes (Table 4) . Table 5 demonstrates the association between handgrip strength and anemia stratified by sex and age. As in Table 4 
299
We performed subgroup analyses by sex and age, which were predicted to affect anemia. In the 300 subgroup by sex, the correlation between handgrip strength and anemia was higher for males 301 compared to females. For males, indices such as BMI, level of daily workout, and comorbid 302 disease had significant relationships with anemia (Table 2) . Additionally, in the subgroups by age, 303 the association between handgrip strength and anemia was more pronounced in subjects ≥65 304 years compared to those <65 years Although the proportion of females among anemia patients 305 was far higher in the group <65 years, the male or female proportions did not show large 306 differences in those ≥65 years. It was also found that BMI, level of daily workout, and iron intake 307 per day were significantly related to anemia in both groups (Table 3) There are several limitations with this research. First, because this study used a cross-sectional 335 study design based on the KNHANES, caution must be taken to interpret a causal relationship 336 between the variables. In other words, we cannot interpret as a causal relationship that handgrip 337 strength is an independent causative factor of anemia or an epiphenomenon factor. Secondly, 338 there is a limitation in identifying the risk factors of anemia because of insufficient nutritional data 339 on folic acid or vitamin B12, which can cause anemia, since the effect of these nutritional vitamins 340 on anemia could not be considered. It was difficult to clearly consider the effect of diseases that 341 could be related to anemia. Thirdly, because KNHANES only considered Hb levels to define 342 anemia, it was difficult to consider the types or causes of anemia. Therefore, additional research is 343 necessary on various variables that can affect anemia; it is anticipated that the results of such a 345 advantages. First, this study is the first research to examine the correlation between handgrip 346 strength and anemia in Korean adults. Although the fact that the concentration of hemoglobin 347 can be directly related to handgrip strength has been found through previous studies, there was 348 still insufficient research to confirm the association between anemia and handgrip strength.
349
Because this research used data on the general population of Korea, the reliability of the data is 350 high. Secondly, the results of this study showed that the relationship between handgrip strength 351 and anemia was very strong; thus, it was suggested that handgrip strength can be used as a 352 useful measurement tool for screening for anemia. Through this study, it will be possible to check 353 and clinically follow up on the population with high likelihood of anemia through handgrip 354 strength measurement, which is a simple tool that represents strength.
355
Conclusion
356
The results of the present study showed that there was a strong association between handgrip 357 strength and anemia. In particular, the association between handgrip strength and anemia was 358 more pronounced for males and those who are older than 65. Therefore, handgrip strength can 359 be used as a risk factor when screening for anemia in patients, and can be used in clinical
